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Interaction Processes in Galaxy Clusters
Gravitational: 
ꔷ Harassment (e.g. Moore+1996)
ꔷ Mergers (e.g. Heiderman+2009)
ꔷ Cannibalism (e.g. Dubinski 1998)
Hydrodynamical:
ꔷ Ram-pressure stripping (e.g. Bösch+2013)
ꔷ Strangulation (e.g. Balogh+2000)
Ke
nn
ey
+2
00
4
Asmus Böhm   ---   The KMOS view on cluster disk galaxies at z~1.5   ---   KMOS@5, ESO Garching Dec 2018
  
Our Project Aims
ꔷ Scrutinize impact of cluster environment on SF galaxies ~9 Gyr ago
ꔷ KMOS spectroscopy of cluster galaxies' gas disks + kinematics
   → gas disk sizes, maximum rotation velocities, kinematic
        asymmetries, angular momenta
ꔷ Compare between cluster and field environment, extending on our
   previous campaigns at z<1
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Target Selection
We used Subaru Hyper Suprime 
Cam (HSC) SSP Survey 
(Aihara+2018) data to select [OII] 
emitters in two cluster candidates at 
z~1.5.
Follow-up spectroscopy with KMOS 
(PI B. Ziegler). KMOS patrol FOV 
has ~3.7 Mpc diameter at the 
redshift of our targets.
Targets selected to fall on z~1.5 
SF main sequence
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blue: KMOS targets with [OII] flux above 3×10-17 erg/s/cm2
HSC-CL2330 HSC-CL2329
NB921 
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Redshift Distribution
ꔷ 46 galaxies observed 
   (arm #3 not operational), 
   DIMM FWHM 0.5”-0.7”
ꔷ Hα detected in 36 targets
ꔷ 34 members at z~1.47
ꔷ Complex z distribution with
   sub-structure in both 
   (proto-)clusters
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Kinematic Analysis
24 data cubes yielded extended Hα maps and velocity fields (VFs). 
Observed VFs fitted with simulated ones taking into account seeing, structural 
parameters etc. Fitting parameters: Vmax, kinematic center, kinematic position 
angle, disk inclination, disk scale length (some held fixed for small VFs)
→ Vmax derived for 14 galaxies; 10 are disturbed or non-rotating
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Tully-Fisher Diagram
Rest-frame B-band 
absolute magnitudes 
computed from HSC 
survey y-band. Intrinsic 
absorption corrected 
following Tully+1998.
Cluster galaxies at 
z~1.5 fall on high-
luminosity side of local 
Tully-Fisher Relation 
(TFR).
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field comparison sample at 0.1<z<1.0 from Böhm & Ziegler (2016)
local TFR from Tully+1998
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Luminosity evolution in the 
field at 0<z<1 is in compliance 
with results from other groups, 
e.g. Miller+2011
Similar to Perez-
Martinez+2017 (FORS2 slit 
spectroscopy), we find z~1.5 
(proto-)cluster galaxies 
scattering around the expected 
luminosity evolution of field 
spirals.
Böhm et al., in prep.
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field comparison sample at 0.1<z<1.0 from Böhm & Ziegler (2016)
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Tully-Fisher offsets at z~1.5 
do not correlate with SFR, in 
contrast to the field at z<1 
(from Böhm & Ziegler 2016)
→ TFR offsets at z~1.5
     driven by some other
     parameter?
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TFR offsets correlate with ratio 
between Vmax and gas velocity 
dispersion σg. This indicates that 
the large offsets (at least of 
some objects) are caused by 
significant non-circular gas 
motions.
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The contributions by non-
circular motions are larger for 
galaxies with lower Vmax, i.e. 
lower total mass.
This could hint to “kinematic 
downsizing” (Kassin+2012).
Similar results have been 
found e.g. by Simons+2016 in 
the field at z~2.
For our cluster sample, 
interaction processes are 
another possibility.
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Low-redshift cluster 
system A901/902 
(z=0.17): Many “red 
spirals” show high 
kinematical asymmetry & 
low morphological 
asymmetry 
→ evidence for ram-
pressure stripping
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Each data point is the weighted average of 9 (red) and 12 (blue) galaxies, resp.
  
In the z~1.5 clusters: few 
galaxies with regular 
morphology (low Amorph) and 
high kinematic asymmetry 
AVF.
Weak ram-pressure?
Mix of ram-pressure & 
gravitational interactions?
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Conclusions
ꔷ KMOS spectroscopy of 46 SF galaxies in two clusters
ꔷ 34 galaxies confirmed as cluster members at z~1.47
ꔷ 24 extended Hα velocity fields, 10 objects too low S/N
ꔷ Vmax determined for 14 galaxies, 10 disturbed or non-rotating
ꔷ Strong non-circular gas motions in low-mass galaxies 
   → kinematic downsizing and/or interaction processes
Outlook
ꔷ Stellar-mass TFR (P103 proposal HAWK-I K-band)
ꔷ Construction of field comparison sample from KMOS archive
ꔷ Comparison of angular momenta, gas disk sizes etc. 
   between cluster and field galaxies at z~1.5
ꔷ P104: aim to enlarge z~1.5 cluster sample by factor ~3-4
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